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capirieal @qm@,‘am dorived from teata using discs rotating 1n closed cwings.

e viheol opaeoe of @ cmentioml turboroching pmael lew flow, 1n

- emounto doposdies upon e cl@amnc@m ‘ond flov air@otioa tavolved ; Meh By |
subotantially altor o momont of rocistarce to rotation of the @ee o
egpercd to the easo with no flcm./' . o e

The prasent work hm comiaered the cffect of through flov 1n the wheel
Opeeo on the & powent of resictance of smooth thin dieco, when th@ flow 13
imtroduced at the eontor of the rotating dise, wlth m restricting clwwe N
czd flovs tovards the rim., 0F greatest pr&ctieal 1ntereat is the case of
turbulont flew in the wheel epace, 'which s, for & disc rotating in a g:loned
eaoing, 16 established primarily for Reynolds numbers: (Ref. 1)
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" vhomes (€ufis the enguler veloeity of the @ige, Bedfpoe . - o - v .
R 1o the radius at tho dise rin, webors . - T -
9 is the Eipematic viszeosity, a?/e@e

e

- o ch&r&ewrwtics of the regimz with ﬂw m not Mcﬁenﬂy .

definod by o Reynolds mumber M@@d only oa &ie@ velociwp ain@@ the m@gim
alco Gepenilc wpon the refial veloeity of the otretm in the viao@l BPICE

Iip this case, it is mecessary to °°Mia@?@i.’? :si@iﬁcemge qf %kg? cca-

toation of the Reynolds mumber and the ns Ky chm appears aj 8
retic of the rim velecity of the ddec o tm moen radial v@lpeiw of ¢he

Liudé through the gep @t the rim.

g o QR am%%‘ (2)
. i

Hero: S 18 the widih of the gop betwecn the outsife of the dinoe
ard the protruiing curface of the casing, meters
Q is the volume flow of the £luld through the gap, ms/me

With docreasing K, the value of the Reypoids number at whieh the Llow
becomes Surbulent 18 deercesed, and it 15 possidle o have turbulent flow

in the vheol space with the disc statiomary. (Plow im o plase redicl
a1ffuser) .

Gualitatively, the effect of flow through the wheel space cam be

Juldged by ecparing the tangential velocity profiles of the stresm acrogs
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the gop for & diee rotating in o eloced easing and for & Qlse Lrmorged in
floving fluid, Io & closed casdng, tho whole veluze of £lwid im the wWieal
op2ee im the twrdulent rogime rovelves vith a moan ergular voloeldy sligptly
leso then ons-Balf that of the dise. Por this coso, with 8/R o 0.005 azf
1.7 = 106, the exporimentally detorminsd @istridutdons ef tengenedal

voleelly for different gap vidths and Qice redii exe cheva by Figuze

(Rog. 2).

Flotted elong the ordinmato are valuos of the ratio of the truo tan-
gential veloeity of tho oiveem, v@ » Yo the voloeity of the dise rim, RLW.

tongoatial veloeity profiles

of the streem in the gop are
First of all, the no-flov case strongly indicates o maip stroenm vith tan-

fupdemsntally different. (Pig. 2 and Ref. 2).

Gontiel veloeity almost constant asross the width of the gep at any redius,
&9 830m in Pigure 1. The rostriction to the strosm in the gop eccording
o P

20 2 beceres 1608, vaieh imcresses tho velocity of tho stream inm the
&p relative wo ®ho d4ce.

Prea Pigure 2 1t follows thot aven for mederate flov ratss (%=9),
the mean eireumferential velocity of the otroem in the wheol spece Qces not
exceed 0.06 timos the dise rim veleeity for r/R of 0.8. For very large
flows, the medn stremm 4in the wheel space is practically unrestricted.

Since the friction moment of tbe Aige deponds ¢o o certein oxtent om

the 4ifference in velocity between the disc apd the main stream, the moment
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' of reidetante to rottion of the died can Lo Lliher vith dbs preconss of
" fiow thin for & &lsc rotating in o closed casing. %he inveotigatien. of e
plansy of the woment of resietacce o m%%wm of Whe Qice on the flow

using 6 @pseial experimental cetup.

ine the influenes ef the yhysical properties of e flwid om

the moment of dlec frittion, tests were cendustsd with dlseo rmoreed im

watér and ip oir. The latter cimillencously extenfed the limit of Laymols

A

P {n ¢he ciperimomts comducted.

Tests ‘m; ;r;%r were condueted an a‘ setup vwith ‘a dioe 155 in aimmr
which rotated a% from 2000 to 5000 rpm, with gap vidths froa 1 to b0 mm, and
mw m m%s from 0.1 to 3 0 limrs per mcomi (B@@ Pig. 3). In order
%Wm%mted flov arcund the dise, the gapb@mentha dise rim
and the casing cdge wes maintained at & value of 0.5 ma. Tas flow vas
monitored with ¢tke aid of a 1 mm dlemeter opening at the cemter of the diee.
(Fart 6, Pig. 3). With gap width between the disc rim ard the cesing cdge
egceeding ke upper 1imit given sbove, at arnll flows and large rpm, weter
ficw fwan ¢he cpening ic observed %o cease, and, at the came time, other

exsfitioms reaeining constant, the ipndicated friction moment varies errat-

i lsck of o stable value of the friction moment im this case can

ents in air were conducted with discs of ¢two different diameters,

{155 e 250 =) rotating at

speeds from 2500 to TOOO rpm and with gap widths

Pase Nn
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2rem 3 to 20 mm. Alr flov rote vas measurod wsinz a sterland orifieo.amd

renged frea 0.03 to 0.12 (stanferd) B/sec. o for introfueing tha

adr ¢ the disc ia chowva by Figure b. A ghieldirg rirg 45 plocad
teo diocharge flov fron the gep fron affeeting conditions em e w

PRIT TPt

;Y

of the disc.

ctien & the

%o unique choracter of ﬁam cotop appears in tho introd
cleetrie current to the opsn-type moter through moreury-filled plesighes
rings (Paxrto 9 anmd 14, Fig. 3), and in the rmasuremsnt of o frietlen foree
mexent by Csans of the angle of twist of the texsion dymemenctor oprieg ..
(otrizg) Fart 17, vhich properly rececives the weight of the movedle parts

of the arrangemont apd decroases the friction meremt im (s reddel thrust

~ bearing. The character of the fluid cotiom im the gap is ecoeentially

dopondent upon the restriction of the mgep to the strean apd the redial eca-
porzat of veloeldy in the vicimity of the dise gurface, which 10 dstosxined
by tke relationship between thez mass (cemtrifugal) forces and the viscosity

eed irertia forces.

Priction in the vicinity of the dicc deperds uponm the velocity cf the
gtrean in the gop relotive to the rotatieg dise. Im this rolative motion,
the centrifugal i’ofeets appear as nass. Tasrefore, Galecle's eritorion
ecquires meaning with the subotitution of cemtrifusal forcc for gravitos
tionnl mags force. The gravitational oo foree, centrifugnl foree 4B ouwr

problem, ig proportional to the first power of the limsal Adronsices (rafdes).

Bepides the well-kpown geematrie, kinematie, and dymemie odrdlesrity
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ihere @ 46 the mement ef roslctans
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o 46 the Qansity of 2 flewieg fiudd, m-me@/m& ‘

S

e ecefficlent of the frietien foree marenl, Cp) inaresses wAh am imeroase
in £icU 5209, but &t e2all flove the rete of iporcase ic comsidoxahly greater

for iewgy Llewo,
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¢4 Reynolds mzber Guo to an ipercas® in ¥ImE, he LncTenes

greeter width larger 416 redii, ond emaller kim
e @8).

o last is particularly illustratod im the experimental rosulis Wi
wtor end alr, vith ldentieal 4ise &icmotors, §ap width, end rza. In &9
eaze of tho tests vith water, the raximm increass ia the ceafficiens
(4 cf) oeseds the coefficient of the frictiom forco momamt for the mo-flow

cass, C, , by fowr timas, wadle ia adr, A €, 18 grostor Cop W Gal3
gix times, although the flow through the cotup woo forty ®ros xeat.

Tas ebsoluts valuo of the imercase in the ecefficient of the frietionm
o otroegly
ghovs the neceseity of toking wheal spaco flow iato aecount in %urhmmﬁ@ry

Porce moment Aus to so lazge & leakamo through the wheol

aipe friction loso calculations. Witk decrecscsd gep vidth, o deercose in <he
eagpituds of C, 18 observod ealy uwatil o definite value of 8/R 40 reached,
eftor valeh 1% agaln rises, since the intoraction of the diss

% 1&yeF
vith that of the cmeing vell begins. For a dise 155 mn in lemeter, with
Be = 1.5 2 106, ¢he mandmum value of the coefficient cf i6 seon 0% roletive
gap vidth B/R o 0,026, vhich coincides with the minlmm velus fovnd expevi-
mentslly for & disc rotating in o cloced eacing. Ome may comeluln fram thiso
<hat m optimm vel 2 of the gep vidth frem the point of view of mipdmiaing
the frietion mamant © tho dise for o given disc radius cad bo defirsd by
the formule:
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8 3
R opt- 3 (6)
" Re
Grephic resulte summarizing more than 640 tests conducted in water
end air, for K = 0.6 to 8000, S/R = 0.013 to 0.52, and Re = 105 to 3 x 106

are presented by Figure 5.

As & result of the present work the following forrula is derived for
defining the increase in the friction force moment coefficient:

0075

s
Ac, = 0.k2x 1073 (ﬁ) 6”3 (1)

KO'B

The mean deviation of the experimental points in Figure 5 from &

straight line described by this equation 18 not more tham 10%. Tae fact
that the results of tests with fluids of &ifferent physicel properties
(water amd air), conducted with two different diameter discs, at various
gap vidths and rpm, lie on ome straight line, irdicatesz that the
accepted criteria of similarity satisfactorily reflect the physical sub-

stance of the phenomena of our problem.

The following formula is reccmmended for defining the coefficient

of the friction force moment on one side of a disc with wheel space flow:

i

s
0.151 1.02 + ¢

2 S .182
(g) Rel-2 [72 + 12 ﬁ} Re

+Ac, (8

R

L
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The bracketed expression by itself igs that presented by Pantell for dises

rotating in closed casings. (Ref. 3).

Por amall ratios of 8/R, insignificantly greater than (S/R)opt’ it ie

convenient to use the greatly simplified formula:

0.0187
Cf=—5-—-—-+AC

W

The results of our experiments cem be used in cases where the fluid

X (9)

is introduced into the wheel space through round pipes or a ringed slot

with relative radius of such s magnitude that 1% is considerably larger

r
than in our experiment = = 0.3 » 8ince in formula (5) for the moment
B

of resistance to rotation, the redius enters in the oth power. If, for
exesmple, the fluid is introduced through a nerrov ringed slot with e

mean redius equal to ome-half that of the disc, we can expect o decreass

in the moment of friction force on the order of 3%.
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Fig. 3 - Sketch of experimental setup
(See Page 14, following, for naues of numbered parts.)
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n H
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10.
11.
12.
13.
1k,
15.
16.
17.
18.
19.
20.
21.
22.
23,
2k,
25.
26,

oy v

NAMES OF NUMBERED PARTS, ¥lG. 3

Gasket (Spacer)

Casing

pPiston (Plunger)

Packing ring

Box (Cesing)

Disc

Radial thrust bearing

Brake band

Plexiglas ring with mercury £illing
Electric motor

Thrust bearing

Indicator needle

Graduated dial

Plexiglas ring with mercury filling
Variable current generator
Motor suspension bracket
Dynamonmeter torsion spring
Voltmeter

Regulating rheostat

Orifice meter manometer piping
Gap width setting

Vernier (Nonius)

valve (Stop)

Weigh tank

Mercury thermometer

Orifice
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Fig. 4 - Scheme for introducing air to the disc
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